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FOREWORD 

The adverse effects of extreme nojse exposure on man*s hearing 

ability are well recognized. However, more information is needed regard¬ 

ing THE POTENCY OF DIFFERENT TYPES OF NOISE FOR PRODUCING HEARING IMPAIR¬ 

MENTS ANO THE ABILITY OF PROTECTIVE ITEMS TO OFFSET SUCH EFFECTS. THE 
PRESENT INVESTIGATION STUDIED THE TEMPORARY HEARING LOSSES RESULTING 

FROM CONTROLLED EXPOSURE TO TWO TYPES OF NOISE WHICH ARE PREDOMINANT IN 

COMBAT SITUATIONS. ÎHE EFFECTIVENESS OF THE NOISE PROTECTION GIVEN BY 

A CONVENTIONAL HELMET ITEM UNDER THESE EXPOSURE CONDITIONS WAS ALSO 

EVALUATED. 

AUSTIN HENSCHEL • 
Chief 
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ABSTRACT 

Temporary hearing losses for frequencscs 250 to 80OO cps were noted 

FOR BARE ANO PROTECTED EARS (CVC HELMET) AFTER 6-, 12-, AND 18-MI NUTE 

EXPOSURES TO IMPULSE NOISE (RECORDED ßO-CAL. MACHINE-GUN FIRE) AND CON¬ 

TINUOUS WIDEBAND NOISE OF COMPARABLE ENERGY. THRESHOLD LOSSES FOR BOTH 

TYPES OF NOISE WERE GENERALLY CONFINED TO FREQUENCIES ABOVE 1000 CPS AND 
TENDED TO BECOME GREATER WITH INCREASING EXPOSURE TIME. CONTINUOUS NOISE 

CAUSED GREATER HEARING LOSSES THAN THE IMPULSE NOISE UNDER BARE EAR CON¬ 

DITIONS FOR THE THREE EXPOSURE TIMES. A COMPARISON OF THESE LOSSES 
AGAINST THOSE NOTED WHEN USING THE HELMET INDICATED THAT THE HELMET GAVE 

SIGNIFICANT PROTECTION AGAINST CONTINUOUS NOISE BUT LITTLE PROTECTIOM 

AGAINST IMPULSE NOISE. 

A SECOND EXPERIMENT STUDIED THE RECOVERY OF 4000 CPS THRESHOLD 

LOSSES FOR A 20-MINUTE PERIOD AFTER EXPOSURE TO THE NOISE CONDITIONS 

CITED ABOVE. ESPECIALLY FOR THE LONGER EXPOSURE TIMES (l2 AND l8 
MINUTES), THRESHOLD RECOVERY FROM BARE CAR EXPOSURES TO CONTINUOUS NOISE 

WAS SLOWER THAN THAT NOTED FOR IMPULSE NOISE. As COMPARED WITH THE BMC 

EARS, WEARING THE HELMET PROVIDED FASTER RATES OF RECOVERY FROM LOSSES 

DUE TO CONTINUOUS NOISE EXPOSURES BUT DID NOT FACILITATE RECOVERY FRON 

LOSSES DUE TO IMPULSE NOISE. 
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TEMPORARY HEARING LOSSES FOR PROTECTED ^ UNPROTECTED EARS 
AS A FUNCTION OF EXPOSURE TIME TO 

CONTINUOUS AND IMPULSE NOISE 

Introduction 

Military operational rituations expose txe "^ep'v«'."“«5 

AND IMPULSE NOISE. ÎHE NOISE PRODUCED BY ™C " TH£ r|R|NG 0F 
AND AIRCRAFT IS AN EXAMPLE OF THE CONTINUOUS COMPONENT, T« F,R.NO^ 

WEAPONS EXEMPLIFIES THE IMPULSE COMPONENT. IT HAS BZl* 

THAT BOTH TYPES CAN CAUSE HEARING LOSSES 5, ?, 10, ^ ADVERSE 

VOICE COMMUNICATIONS (5» 9> ^2), FATIGUE (2, 5/ y* combat PERSONNEL. 
rrrECTS (2. 7. l61 WHICH MAY REDUCE THE EFFICIENCY OF COMBAT PERSONNEL. 

Only recently, however, have the octrimental effects of^«mt»hu 

.MPULSE NOISE BEEN STUDIED ON A COMPARATIVE BASIS. USHWTEMPORA 

EXPOSURE LOSSES IN HEAR ING* AS AN INDEX OF OF 
FOUND THAT IMPULSE NOISE IS tESS NOXIOUS THAN AN EO present 

CONTINUOUS NOISE (l4). ENLARGING UPON THE ^TT” “^^Ím FOLLOWING 
.NVESTIGAT.ON WAS CONCERNED WITH THE TEMPORARY HCARING LOSSCS^FOLLOW 

VARIOUS EXPOSURE TIMES TO COMPARABLE AM0Uf* ^/^i^^CLE C^EW- 
NOISE. In ADDITION, THE PROTECTION FURNISHED BY A ÇOMBAT VEHICLE CRE 

MAN’S HELMET (CVC-T56-6)* AGAINST SUCH LOSSES WAS ASSESSED UNDER THE 

DIFFERENT CONDITIONS OF NOISE EXPOSURE. 

L?» • > * . • . ■T'i" t, * j, * At ” ' , ^ m «• » M 

EXPER1ÆNT 1 
magnitude: of hearing loss for different frequencies 

1 * Methodology and apparatus 

Conditions of noise exposure and audiometric technique 

TfmpoRARY shifts in hearing thresholds were studied initially 

FOR FREQUENCIES 250 TO 8000 CPS FOLLOWING 12 01 TYPE^Or 
oitions. These oono.tions represented all combinations of 2 types f 

f impulse continuous), 3 EXPOSURE TIMES (6, 12, AND 18 MINUTES], 
Zl ¿ir» ir »» ™ÏEcLo» {0AfiEt CVC HELMET) • ThHEEHOLD SH.rTT 

WERE DETERMINED FROM THE DIFFERENCES BETWEEN AUDIOGRAMS TAKEN JUST Be^>R£ 

AND IMMEDIATELY AFTER EACH EXPOSURE TO NOISE. AUDIOGRAMS WERE OBTAINED 

»As "THE TERM IMPLIES, TEMPORARY HEARING LOSS REFERS TO THOSE HEARING AS THE TLKM inruitJ, • t- _ ,, , v INDIVIDUAL 

BY SHIFTS IN THRESHOLDS FOR HEARING DIFFERENT FREQUENCIES OF SOUND. 

UPON REMOVAL FROM THE NOISE, THESE THRESHOLD SHIFTS WILL DIMINISH AND 
HEAR! NS WILL RCTURM TO HORHAL. THE MAGNITUDES OE THE ^SHOLOLOSSES 

„/no TLir TIMF NFCFS3ARY TO RECOVER FROM SUCH LOSSES ARE FREQUENILT 

POTeÑ» or DIFFERENT HOISE EXPOSURE C.HO.T.OHS TOR PRO- 

DUCING PERMANENT HEARING DAMAGE. 

s •^V*"«**’'* '■V « " * *''• ^ *.'* ? 
V*.- 

> V V V , 
<%!•.'-T. »% » 1¾ 
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*» * * *. * » * *1 •• _• -• * -- * 

»»A DESCRIPTION OF THIS HELMET CAN BE FOUND IN REFERENCE (H). 

BE REFERRED TO HEREINAFTER AS CVC HELMET. 
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*Y MEANS OF A SÉkÍSY TECHNIQUE (3) «HICH A TEST»TONE WAS CONTINUOUSLY 

VARIED ACROSS THE fREQUENCY RANGE 100 TO 10000 CPS. THIS SIGNAL WAS 

PRODUCED BY A GraSON-StADLER OSCILLAT«* (MODEL 9500} WHOSE TUNING DIAL 

WAS GEARED TO A 1 RMP REVERSIBLE MOTOiT. Bv MEANS OF THE REMOTE SWITCH 

OH A GRASON-STAOLER MOTOR-DRIVEN RECORDING ATTENUATOR (MODEL E3262AÎ, 

THE SUBJECT CONTINUOUSLY CONTROLLED THE SIGNAL INTENSITY SO AS TO 

OSCILLATE BETWEEN JUST-HEARING AN© JOST-NOT-HEARING THE TEST TONE. 

The ATTENUATOR GAVE A 2.5 DB/SEC RATE or SIGNAL ATTENUATION OVER A 100 

DB INTENSITY RANGE. 

The SUBJECTS* INTENSITY SETT*»CS WERE PLOTTED AGAINST TEST-TONE 

FREQUENCY ON THE RECORDING SECTION OT THE ATTENUATOR. A TYPICAL PLOT IS 

shown in Figure 1. As indicated i* this graph, the midpoints between 

THE PEAKS (POINTS OF JUST-HEARING THE SIGNAI.) AND TROUGHS (POINTS OF 

JUST-NOT-HEARING THE SIGNAL) WERE COHNECTE0 BY STRAIGHT LINES TO ESTAB¬ 

LISH THE THRESHOLD CURVE ACROSS THE SPECIFIED FREQUENCY RANGE* 

B. Sources of impulse and co«t««uous noise 

The source of repeated impulse noise was the sound produced by 

FIRING A 30 CAL. AIR-COOLED MACHINE CON. THIS NOISE WAS ORIGINALLY 

RECORDED ON TAPE AT AN INFILTRATION TRAINING COURSE WHILE THE WEAPON 

WAS IN USE. IN THE RECORDING SITUATION, THE OUTPUT OF A MASSA MICRO¬ 

PHONE (MODEL 141F), PLACED JUST BEHIND THE GUNNER'S RIGHT EAR, WAS LED 

TO BOTH CHANNELS OF AN ÄMPEX DUAL-CHANNEL TAPE RECORDER (MODEL 351 )• 

The TAPE SPEED DURING RECORDING WAS 15 IN/SEC. THE PEAK LEVELS Of THE 

FIRING NOISE AT THE GUNNER’S EAR WERE 133 *2 0B* 0.0002 OYNE/CmZ) 

AS MEASURED ON A GENERAL RADIO IMPACT NOISE METER (MODEL 155oA) WHICH 

WAS COUPLED TO A GENERAL RADIO SOON© LEVEL METER (MODEL 155^2). 

The original recording contained bursts of 3 and 4 rounds of gunfire, 

AND THE TOTAL RECORDING TIME WAS APPROXIRATELY 4 MINUTES. SELECTED SEG¬ 

MENTS OF THIS TAPE WERE SUBSEQUENTLY SPLICED TOGETHER TO FORM A CLOSED 

LOOP THROUGH THE TAPE DECK. THUS, THE RECORDED SOUNDS COULD BE PLAYED 

BACK CONTINUOUSLY FOR ANY DESIRED LENGTH OF TIME. By FEEDING THIS OUTPUT 

TO ANOTHER DUAL-CHANNEL TAPE RECORDER (ÄMPEX, MODEL 351 ) WITH CONTIN¬ 

UOUSLY MOVING TAPE, A FINAL RECORDING WAS OBTAINED WHICH COULD REPRODUCE 

»These peak values are lower than thosewted in a survey of the noise 

GENERATED BY THE 3O CAL. MACHINE GW, AS WELL AS THOSE OF OTHER WEAPONS (I), 

While this discrepancy may reflect rwe tendency of the peak reading 

METER TO UNDERESTIMATE THE LEVELS CF IMPULSE SOUNDS, SUBSEQUENT MEASURE¬ 

MENTS OF THE IMPULSE NOISE WITH A C*-IXRATED OSCILLOSCOPE INDICATED PEAK 

VALUES WHICH WERE IN AGREEMENT WITH THE METER RCSOINGS. THE DIFFERENCE 

MAY BE DUE TO THE FACT THAT THE MACHI ME GUN USED IN THE PRESENT STUDY WAS 

FIXED TO A MOUNT WHICH WAS IMBEDDED *11 A 3 FOOT HIGH CONCRETE PLATFORM. 

IN THE NOISE SURVEY, MEASUREMENTS WERE TAKEN ON GUNS WHICH WERE MOUNTED 

ON TANKS AND CONVENTIONAL TRIPQ8S. PRESUMABLY THE LATTER CONDITIONS MAY 

HAVE ENHANCED THE NOISE LEVELS OF THE WEAPON. 
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MACHI NE-GUN FIRE FOR PERI ODS AS 

LONG AS t8 MINUTES. ANALYSES OF 

THIS TAPE WITH A BRUSH GRAPHIC 

recorder {Mark II) and Hewlett- 

Packard oscilloscope (Model 152A 

SHOWED THAT I36 £1 BURSTS OCCURR 
PER MINUTE WITH THE DURATION OF 
THE BURST AVERAGING 60 MILLESEC 

(See Fig. 2). 

.samiiiHHMo: 

If I*.:. isSSiSffif 
■ ... ! .. . ; 

Figure 2: Oscillograph tracing 

of burst of impulse noise. The 

TIME BASE (HORIZONTAL AXIS) IS 

20 millesec/diV. 

In the actual testing situ¬ 

ation (Fig. 3), THE recorded gun¬ 

fire was played back through two 
ACRO-SOUND 60-WATT POWER AMPLIFIERS 

(Mark It) and fed to one Altec 
Lansing (602A) and two Acoustic 
Research (AR-2) speakers which 

WERE LOCATED IN A SOUND-DEADENED 

room. The loudspeakers formed an 

EQUILATERAL TRIANGLE (LENGTH OF EACH SIDEÎ 68 INCHES) AND DIRECTED THEIR 

SOUND INWARD TOWARD THE CENTER OF THE TRIANGLE WHERE THE SUBJECT WAS 

SEATED WITH HIS EARS AT APPROX» MATELV THE LEVEL OF THE SPEAKERS. THIS 
REPRODUCTION SYSTEM YIELDED BURST LEVELS OF FIRING NOISE WHICH AVERAGED 

128 DB AT THE LISTENER’S EARS, INDIVIDUAL BURSTS RANGING FR0” l25 TO Ul 

os. Limitations of the amplifier and speaker systems prevented a bett r 

CORRESPONDENCE BEING OBTAINED WITH THE ORIGINAL BURST LEVEL VALUES 
ABOVE. The intervals between bursts in the test situation AVERAGED 75 
IN INTENSITY. COMPUTATIONS WHICH TOOK INTO ACCOUNT BURST LEVEL, INTER¬ 

BURST LEVEL, AND THE AMOUNT OF BURST AND INTER-BURST TIME PER MINUTE 
INDICATED THAT THE AVERAGE SOUND INTENSITY REACHING ^E EAR FOR EAC 

MINUTE OF EXPOSURE WAS 111 OB. THESE COMPUTATIONS ARE DESCRIBED IN THE 

APPEND!X. 

The continuous noise source was the output of a Grason-Stadler 

noise generator (Model tee). This output, by means of a switching 
arrangement (Switch A - Fig. 3), was supplied to the ampuf.er and loud¬ 
speaker system already described. The overall noise level of the contin- 

N0.5C WAS HELD COSST.NT AT 111 0» AT THE OBSER.tS'S EAHS WH.CH 

matched the average intensity level for the impulse noise. 

The intensity readings for the impulse noise in the sound-deadened 

room were noted on the impact noise meter and sound level meter, inser¬ 
tion of A General Radio octave-band noise analyzer (Model 155OS) between 

these two meters gave a description of the firing noise in octave bands. 

* Adequate* DtfscR i pt i on of noise requires measurement of overall intensity 
level as well as a determination of the spectrum. The latter consists 
OF DIVIDING THE FREQUENCY COMPONENTS OF NOISE INTO OCTAVE OR 1/3 OCTAVE 

BANDS AND MEASURING THE INTENSITY LEVEL IN EACH BAND. 

i*'» »VF 
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Figure 3= Block diagram of experimental situation. 
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THE PRECEDING SESSIONS. 1 NDEEDj THE RANGE OF SESSION TO SESSION PRE- 

EXPOSURE THRESHOLD VARIABILITY FOR A GIVEN EAR WAS TYPICALLY SMALL 

(9 oa). The first hour was intended to familiarize the subject with the 

TEST PROCEDURE AND INCLUDED NO NOISE EXPOSURE. A DIFFERENT COMBINATION 

OF THE 12 EXPERIMENTAL CONDITIONS (2 TYPES OF NOISE X 3 DURATIONS OF 

EXPOSURE X 2 EAR COVERINGS) WAS PRESENTED IN EACH OF THE FOLLOWING 12 
sessions. Only one ear was exposed and tested for hearing loss in each 
SESSION, THE RIGHT AND LEFT EARS BEING USED ALTERNATELY ACROSS THE 12 
EXPERIMENTAL SESSIONS. THE RIGHT EARS FOR HALF OF THE SUBJECT GROUP 
WERE ALWAYS EXPOSED IN THOSE CONDITIONS INVOLVING IMPULSE NOISE, AND THE 

LEFT EARS OF THESE SUBJECTS WERE TESTED ONLY UNDER CONTINUOUS NOISE CON¬ 

DITIONS. For THE OTHER HALF OF THE SUBJECT GROUP, THE RIGHT EAR WAS ALWAYS 

TESTED IN THE CONTINUOUS NOISE CONDITIONS AND THE LEFT EAR TESTED IN THE 

IMPULSE NOISE CONDITIONS. 

Procedure 

In THE FIRST SESSION, THE SUBJECT WAS INSTRUCTED IN THE USE OF 

THE SWITCH CONTROLLING THE ATTENUATOR AND GIVEN AN ASCENDING AND DESCEND¬ 

ING THRESHOLD TEST ON EACH EAR. ThI. ASCENDING TEST INVOLVED THRESHOLD 

DETERMINATIONS WHILE THE TEST-TONE WAS INCREASED FROM 100 TO 10000 CPS 

IN FREQUENCY. UNDER DESCENDING TEST CONDITIONS, THRESHOLDS WERE OBTAINED 

FOR THE TEST-TONE AS IT WAS DECREASED FROM 10000 TO 100 CPS. EACH 

ASCENDING AND DESCENDING TEST REQUIRED 11 MINUTES TO COMPLETE, DURING 

WHICH TIME THE SUBJECT CONTROLLED THE ATTENUATOR SO AS TO OSCILLATE 
BETWEEN JUST-HEARING AND JUST-NOT-HEARING THE TEST-TONE. DURING THE 

PRACTICE SESSION, THE TEST-TONE WAS FED THROUGH EITHER THE RIGHT OR 
LEFT PHONE OF A SET OF PeRMADYNE ' EARPHONES (PDR-8) WHICH WERE MOUNTED 

IN DOUGHNUT CUSHIONS AND HELD AN A SPRING HEADBAND. THIS HEADSET WAS 

ALSO USED IN SUBSEQUENT TEST SESSIONS FOR BARE EAR EXPOSURES. IN 

THESE INSTANCES, THE SIGNAL WAS FED THROUGH THE EARPHONE OF THE TO-BE- 

EXPOSED EAR WHICH WAS GIVEN AN ASCENDING THRESHOLD TEST JUST BEFORE THE 

NOISE EXPOSURE. THE EARPHONE WAS THEN PUSHED BACK OFF THE EAR AND THE 
NOISE PRESENTED. AT THE END OF THE EXPOSURE, THE SUBJECT SUPPED THE 

EARPHONE OVER THE EAR AND WAS GIVEN A DESCENDING THRESHOLD TEST. A 
PERIOD OF 10 SECONDS ELAPSED BETWEEN THE CONCLUSION OF THE NOISE EXPOSURE 

AND THE START OF THE DESCENDING TEST. ÎHE EAR NOT BEING EXPOSED WAS 

SEALED WITH A COTTON-VASELINE PLUS AND COVERED WITH THE OTHER EARPAO 
OF THE HEADSET DURING THE ENTIRE TEST SESSION. WHEN THE CVC HELMETS 

WERE WORN, THE TEST-TONE IN THE THRESHOLD TESTING WAS FED THROUGH THE 
APPROPRIATE EARPHONE OF THE HELMET'S COMMUNICATIONS GEAR TO THE EAR 

UNDER STUDY PRIOR TO AND JUST AFTER THE NOISE EXPOSURE. DURING THESE 
SESSIONS, THE EAR NOT UNDER TEST WAS SEALED WITH A COTTON-VASELINE PLUG 

IN ADDITION TO THE HELMET EARPIECE. 

2. Results 

a. Losses related to frequency and exposure time 

Hearing losses for frequencies 250, HOO, 500# 2000, 3OOO, 
4000, 6000, AND 8000 CPS, EXPRESSED AS DECIBEL DIFFERENCES BETWEEN 
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PREt AND POST-EXPOSURE THRESHOLDS POR C ACH TONE, WERE DETERMINED FOR THE 

SUBJECT GROUP UNDER THE VARIOUS EXPERIMENTAL CONDITIONS. TABLE 1 SHOWS 

THE MEDIANS AND SEMI-I NTERQUARTU.E RANGES* OF THE HEARING LOSS DATA. IT 
IS INDICATED THAT THE MAGNITUDES AND VARIABILITY OF THRESHOLD LOSSES WERE 

GREATER FOR FREQUENCIES 1000 CPS AND ABOVE THAN FOR THOSE BELOW, IRRE¬ 

SPECTIVE OF DIFFERENCES IN EAR PROTECTION, EXPOSURE TIME, AND TYPE OF 

noise. There is also a general trend for hearing loss to increase with 
INCREASING EXPOSURE TIME. SEPARATE EVALUATIONS OF THIS TREND FOR EACH 

COMBINATION OF EAR PROTECTION AND TYPE OF NOISE CONDITIONS WERE ALL 

STATISTICALLY SIGNIFICANT {P < .(¾}.** 

B. Comparison of hearing losses for continuous and impulse noise 

Table 11 shows the differences between the median hearing losses 

for the various frequencies which were produced by continuous and impulse 

NOISE FOR THE THREE EXPOSURE TIMES UNDER BARE EAR CONDITIONS. WITH FEW 
EXCEPTIONS, THRESHOLD IMPAIRMENTS FOR CONTINUOUS NOISE WERE GREATER THAN 

THOSE FOR IMPULSE NOISE FOR ALL EXPOSURE TIMES. EVALUATION OF THESE DIF¬ 

FERENCES by the Mann-Whitney U-test for independent samples (13)*** indi¬ 
cated that THRESHOLD LOSSES I« THE RANGE IJOO TO 6000 CPS FOR O-MINUTE 
EXPOSURES AND 2000 TO 6000 CPS FOR 12- AND iS-MINUTE EXPOSURES WERE SIGNI¬ 

FICANTLY GREATER FOR CONTINUOUS AS COMPARED TO IMPULSE NOISE. 

c. Noise protection giyeh by CVC helmet 

The amount of noise protection given by the CVC helmet was 
determined by noting the differences between the median hearing impair¬ 

ments occurring under protected (CVC helmet) and unprotected (bare ears) 

conditions. Table 111 classifies these differences by frequency, type 

OF NOISE, AND EXPOSURE TIME AND SUMMARIZES THE RESULTS OF A SIGN TEST 

(13) EVALUATION OF THE DIFFERENCES. IT IS SHOWN THAT THE CVC HELMET IN 
THE CONTINUOUS NOISE FIELD SIGNIFICANTLY REDUCED THE AMOUNT OF HEARING 
LOSS FOR FREQUENCIES 3OOO TO 8OOO CPS FOR 6-MINUTE EXPOSURES, FREQUENCIES 

"*ThE SEMI-I NTERQUARTILE RANGE (o) is a MEASURE OF VARIABILITY ABOUT THE 

MEDIAN OF A DtSTR I BUT! ON OF DATA. SPEC I FI C ALLY, IT DELIMITS (HE-HALF 

OF THE MIDDLE ^Ofo OF SCORES ABOUT THE MEDIAN. 

**ThE JONCKHEERE DISTRIBUTION-FREE K-SAMPLE TEST FOR ORDERED ALTERNATIVES 

(8) WAS USED IN THESE ANALYSES. THE HEARING LOSSES FOR EACH SUBJECT, 

WHEN AVERAGED ACROSS ALL FREQUENCIES, SERVED AS THE RAW DATA IN THE 

COMPUTATIONS. 

***F0R PURPOSES OF THIS STUDY, IT WAS ASSUMED THAT DIFFERENT EARS OF THE 
SAME SUBJECT WOULD REACT INDEPENDENTLY UNDER THE NOISE EXPOSURE CONDI¬ 

TIONS. Since different ears of the same subjects were exposed to 
IMPULSE AND CONTINUOUS NOISE, THE TEST OF THE DIFFERENCES PRODUCED BY 

THESE TWO TYPES OF NOISE WAS BASED UPON A STATISTIC USING INDEPENDENT 

SAMPLES OF MEASUREMENT. 
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TABLE II _ _ 
DIFFERENCES BETWEEN MEDIAN HEARING LOSSES (IN DECIBELS ¿DB/) 

CONTINUOUS AND IMPULSE NOISE FOR THREE EXPOSURE TIMES 
UNDER BARE EAR CONDITIONS 

FOR 

Frcqucncv 

Exposure Time (MinQ 

6 12 18 

250 
400 

)0 

1000 
15OO 
2000 
ROGO 
4000 
6OOO 

8OOO 

3-5 
0.0 
I. 0 
0.5 

-2.5 
3.0 
5.5* 
II. 5* 
15.')* 
23.0-* 
7-5 

0.0 
-2.0 
0.0 
4.0 
6.0 
3.0 
9.0* 

19.0** 
11.0* 
11.0* 
0.0 

(¡JÜTTÍ PÔsTtIVE Ot FFEPENCE INDICATES THAT LOSSES UNDER CONTINUOUS 

NOISE EXCEED THOSE NOTED FOR IMPULSE NOISE. NEGATIVE DIFFERENCE 
(-) INDICATES THAT LOSSES UNDER IMPULSE NOISE WERE GREATER THAN 

THOSE FOUND FOR CONTIN0OUS NOISE* 

*.01 < P < .05 
**p < .01 

TABLE III 
DIFFERENCES BETWEEN MEDIAN HEARING LOSSES FOR PROTECTED (CVC HELMET) 

AND BARE EARS FOR THREE EXPOSURE TIMES 
TO CONTINUOUS AND IMPULSE NOISE 

Continuous Noise Impulse Noise 

Frequency 

Exposure Time (Min.) 

6 12 18 

Exposure Time (Min.) 

18 

SOO 
800 

ieoo 
1500 
2000 
3000 
4000 
éOOO 
8000 

1 
-2 

10 
8 

o.l 
0.0 

4.0 
11.5* 
10.5* 
11.0* 
24.0** 
18.5** 

-1.0 
0.0 
0.0 
2.0 
2.0 
2.0 

10.0* 

~V2 

9.0* 
10.0* 
1 .0** 

.0 

-2.5 
-1 .0 
-2.5 
-5.5 
0.0 

-6.0 
-1.0 
1.0 
2.0 

1.0 
-4.0 

r, 
5.0 

ii 
1.0 

-3.5 

RÖTT: Põsmve differences indicate that losses ros unprotected ears 
EXCEEDED THOSE FOR PROTECTED EARS. NEGATIVE (-) DIFFERENCES INDICATE 

___t-/%n »»Ajon^rrrrm r aö. THAT LOSSES FOR PROTECTED EARS EXSEEDED THOSE FOR UNPROTECTED EARS. 

*.01 < p < 
<-*p < .01 

.05 

10 
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2000 TO 0000 CPS FOR 12-MINUTE EXPOSURES AND FREQUENCIES 2'J00 TO 6000 CPS 

FOR 18-MINUTE EXPOSURES. On THE OTHER HAND, DIFFERENCES BETWEEN UNPRO¬ 

TECTED AND PROTECTED EAR EXPOSURES TO THE IMPULSE NOISE SHOW THAT THE CVC 
HELMET GAVE LITTLE PROTECTION AGAINST SUCH NOISE. INDEED, ONLY ONE FRE¬ 

QUENCY (4000 CPs) FOR AN 18-MINUTE EXPOSURE SHOWS A SIGNIFICANT REDUCTION 

IN HEARING LOSS WHEN WEARING THE HELMET. ANOTHER FREQUENCY (3OOO CPS} AT 
12 MINUTES OF EXPOSURE EVEN SHOWS A SIGNIFICANT INCREASE IN HEARING LOSS 

WHEN WEARING THE HELMET IN THIS TYPE OF NOISE FIELD. 

EXPERIMENT II 
RECOVERY FROM TEMPORARY HEARING LOSS AT ^000 CPS 

1. Methodology and apparatus 

General testing conditions 

The purpose of this experiment was to study the recovery from 

THE TEMPORARY HEARING LOSSES CAUSED BY EXPOSURES TO THE 12 NOISE CONDI¬ 

TIONS of Experiment I. A tone of 4000 cps was chosen for study since it 
was representative of those frequencies in Experiment I which showed marked 

HEARING LOSSES UNDER THE SPECIFIED CONDITIONS OF NOISE EXPOSURE. THE 

PROCEDURE FOR THRESHOLD TESTING WAS THE SAME AS IN EXPERIMENT 1 EXCEPT 

THAT THE TEST-TONE WAS FIXED AT 4000 CPS FOR THE ENTIRE STUDY. THRESHOLDS 

FOR THIS TONE WERE TRACED JUST BEFORE NOISE EXPOSURE AND IN A 20-MI NUTE 

PERIOD AFTER THE CESSATION OF THE NOISE. THE DECIBEL DIFFERENCE BETWEEN 

THE PRE-EXPOSURE AND INITIAL POST-EXPOSURE THRESHOLD VALUES INDICATED THE 

IMMEDIATE THRESHOLD LOSS AND REPRESENTED THE STARTING POINT OF THE RECOV¬ 

ERY process. This decibel difference together with those noted between 

THE PRE-EXPOSURE THRESHOLD AND THRESHOLDS OBTAINED AT VARIOUS TIMES DURING 

THE 20-MINUTE PERIOD FOLLOWING EXPOSURE WERE PLOTTED AS THE RECOVERY 

CURVE FOR EACH NOISE CONDITION. 

THE INSTRUMENTATION USED IN THRESHOLD DETERMINATION AND FOR THE 

GENERATION OF THE VARIOUS NOISE CONDITIONS IN EXPERIMENT II WAS THE SAME 

AS THAT USED IN EXPERIMENT I. 

a. Subjects 

The subjects were 10 white enlisted men (different from those 

used in Experiment l) whose ages ranged from 19 to 22 years. All subjects 
HAD NORMAL HEARING AS MEASURED BY A STANDARD AUDIOMETRIC TEST GIVEN PRIOR 

TO THE EXPERIMENT. OTOLOGICAL EXAMINATIONS OF THE SUBJECT GROUP SHOWED 

NO SIGNIFICANT EAR, NOSE, OR THROAT DEFECTS. 

c. Design and procedure 

CaCH SUBJECT WAS INDIVIDUALLY TESTED IN ONE PRACTICE SESSION 

FOLLOWED BY 12 EXPERIMENTAL SESSIONS; THE LATTER CONFORMED TO THE DESIGN 

CONDITIONS SPECIFIED IN tüXPERI ME NT I . THE PRACT ICE SESSION ENABLED 
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SUBJECTS TO TRACE THEtR ^1000 CPS THRESHOUDS (l.E., VARY SIGNAL INTENSITY 
SO AS TO OSCILLATE BETWEEN JUST-HEARING ANO JUST-NOT-HEARING THE TONE} 

FOR 15 MINUTES WITH EACH EAR ANO INCLUDED NO NOISE EXPOSURE. HEADSETS 
WERE WORM DURING THIS PERIOD, THE TONE BEING FED TO THE EARPIECE COVERING 

THE EAR UNDER TEST. HEADSETS WERE ALSO WORN IN SUBSEQUENT EXPERIMENTAL 

SESSIONS INVOLVING BARE EAR EXPOSURES TO NOISE. UNDER SUCH CONDITIONS, 

THE 4000 CPS TONE WAS SUPPLIED TO THE TO-BE-EXPOSED EAR AND THRESHOLDS 

WERE TRACED FOR A 5“MINuTE PERIOD BEFORE THE NOISE EXPOSURE. THE EAR¬ 
PIECE COVERING THE EAR WAS THEN PUSHED ASIDE BY THE SUBJECT AND THE NOISE 

PRESENTED. AFTER THE NOISE STOPPED, THE SUBJECT SLIPPED THE CARPHONE 
OVER THE EXPOSED EAR AND AGAIN TRACED HIS THRESHOLD FOR THE 4000 CPS TONE 

CONTINUOUSLY FOR A PERIOD OF 20 MINUTES.* THE EAR NOT BEING TESTED IN 

THESE SESSIONS WAS FILLED WITH A COTTON-VASELINE PLUG ANO COVERED WITH 

THE OTHER EARPHONE IN THE HEADSET FOR THE ENTIRE PERIOD. SlMILARIlY, 
WHEN CVC HELMETS WERE WORN IN THE EXPERIMENTAL SESSI ON^.WOO CPS THRES¬ 

HOLDS WERE TRACED FOR $ MINUTES BEFORE AND 20 MINUTES AFTER NOISE 
EXPOSURE. The 4000 CPS TONE was SUPPLIED to the ear under test BY USING 

THE APPROPRIATE EARPIECE OF THE HELMET'S COMMUNICATIONS GEAR. 

TESTED EAR WAS FILLED WITH A COTTON-VASELINE PLUG IN ADDITION 

COVERED WITH THE OTHER EARPIECE IN THE HELMET ASSEMBLY. 

Trffe MON¬ 
TO BEING 

2. Results 

a. Effect of exposure time on recovery 

OBTAINED JUST 

THE NOISE WERE 

The median 

NOISE EXPOSURE 

Decibel differences between 4000 cps thresholds 

BEFORE THE NOISE AND FROM 10 SECONDS TO 20 MINUTES AFTER 
DETERMINED FOR EACH SUBJECT AND NOISE EXPOSURE CONDITION. 

DIFFERENCES FOR THE SUBJECT GROUP FOUND 10 SECONDS AFTER 
AS WELL AS FOR EACH MINUTE OF THE 20-MINUTE RECOVERY PERIOD ARE PLOTTED 

in Figure 5 F0R ALL combinations of noise, duration, and protection con¬ 

ditions. The curves shown in this figure indicate that the threshold 
LOSSES IMMEDIATELY AFTER NOISE EXPOSURE AS WELL AS THE RECOVERY TIME FROM 

SUCH LOSSES BECOME GREATER WITH INCREASING EXPOSURE TIME. IT IS ALSO 

APPARENT FROM THE SLOPES OF THESE CURVES, THAT RECOVERY WAS RAPID WITHIN 

THE FIRST 2 MINUTES FOLLOWING NOISE EXPOSURE. BEYOND 2 MINUTES, THE RATE 

RECOVERY DECREASED APPRECIABLY. OF 

B. Recovery from continuous and impulse noise exposure 

■ Inspection of the recovery curves shown in Figure 5* AND 5B Sri0WS 
THAT CONTINUOUS NOISE PRODUCED GREATER IMMEDIATE HEARING LOSSES FOR 4000 

CPS THAN IMPULSE NOISE FOR THE 3 EXPoSuRE TIMES UNDER BARE EAR CONDITIONS. 
Recovery from the threshold losses due to impulse noise fob 6- and 12- 

mi nute EXPOSURES WAS FASTER THAN THAT FOR CONTINUOUS NOISE. FOR 18- 
MINUTE DURATION, EXPOSURES TO BOTH CONTINUOUS AND IMPULSE NOISE REQU4RED 

MORE THAN 20 MINUTES FOR COMPLETE RECOVERY. 

*AeOUT 10 SECONDS ELAPSED BETWEEN THE END OF THE NOISE EXPOSURE AND THE 

START OF THE THRESHOLD TRAC*I NG. 
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c. Errccr or hechet photcction on recovery 

Recovery data ros fbotected cars (CVC helmet) fol,-ow,ng 
DURAT 1ONS or CONTINUOUS NOISE (FlO. Je) SNOU INMEOIATe; THRESHOLD SHIT« 
AND RECOVERT TINES WHICH ARC REDUCED IN COHR.RISM TO THOSE OBTAINED FOR 

BASE EAR EXPOSURES UNDER THE SAME CONDITIONS {FlO. 5*). ON THE 0™ER 
IThI “he SL.OHT Di rrCRENCES BETWEEN THE CURVES SHOWN IN FlCURE $0 A»D 

Figure 5o for impulse noise indicate that the helmet had little effect 
IN DECREASING THE MAGNITUDES Of THRESHOLD LOSSES AND SUBSEQUENT RECOVERY 

TIMES TOR BARE EAR EXPOSURES TO SUCH NOISE. 

d. Comparison or percentage recovery data for various exposure 

CONDI T IONS 

To show more clearly the recovery aspects or this study, per¬ 

centage RECOVERY SCORES POR 1, 3, 5> ANO 8 MINUTES ATTER . 
COMPUTED FOR EACH SUBJECT FOR EACH EXPERIMENTAL CONDITION. THE PERCENT¬ 
AGE RECOVERY SCORES REPRESENT THE DIFFERENCES BETWEEN THE THRESHOLD LOSSES 

FOUND IMMEDIATELY AFTER THE NOISE EXPOSURE AND AT EACH OF THE ..PECIFIED 

TIMES DURING THE RECOVERY PERIOD, DIVIDED BY THE IMMEDIATE 
loss. Table !V- shows the median percentage recovery scores for T”E" 

JECT GROUPS AT 1, 3, 5, AND 8 MINUTES AFTER BARE EAR EXP0SUR“ N* 
UOUS AND IMPULSE NOISE OF VARIOUS DURATIONS. WITH ONLY 0N^ 
THE RECOVERY SCORES NOTED AT DIFFERENT TIMES FOLLOWING EXPOSURE TO IMPULSE 

NOISE ARE ALL GREATER THAN THOSE SHOWN FOR CONTINUOUS NOISE. HOWEVER, 
AN EVALUATION OF THE INDIVIDUAL SUBJECT SCORES BY THE MANN-WhI TNE.Y U-TEST 

(13) INDICATED THAT THE DIFFERENCES BETWEEN RECOVERY SCORES FOR CONTINUOUS 

AND IMPULSE NOISE WERE STATISTICALLY SIGNIFICANT IN ONLY ONE INSTANCE 

(See Table IV). 

A COMPARISON OF THE PERCENTAGE RECOVERY SCORES FOR PROTECTED (CVC 
HELMET) AND BARE EAR EXPOSURES TO CONTINUOUS NOISE OF VAR,0UG1£VR^'™* 
is shown in Table V. Baseo upon the results of a sign test (13) performed 

TABLE IV 
COMPARISON OF MEDIAN PERCENTAGE RECOVERY SCORES FOR BARE EAR 

EXPOSURES TO CONTINUOUS AND IMPULSE NOISE 
OF VARIOUS DURATIONS 

Time 
After 

Exposure 

(min.) 

6 MIN 12 MIN. l8 MIN. 

Cont. IMPL. 5777. Cqnt. Impl. Dirr“. Cont . I mpl] ”5777. 

1 
3 

38 
50 

a 
55 
él 
82 
91 

-7 
-11 
-5 
-7 

ll 

69 
75 

$ 61 

78 

-12 
7 

-1 

-3 

20 
45 

59 
70 

60 
61 
70 

75 

-4o** 

-16 
-11 
-5 

C 707” 

iH 

•'L-'-’-S 

‘>V 

V* .> 

c.-v*- 
wWyjírSiíí ' ■ •> 

•'-•-".••.V.'.•-'•aLVa' 

NPí!®©¥®í®Taa bà**.* " •'* *. " g.'• 7*:s? 

<*. •*« A •%£.*** 

IN * •"m * -% A*’*"*^ 

¿■»«f * O-« . . • v* ' 

T‘ \ * *. ' • • '„A 

1 •'f*“ 2* IS V 
•-*.*.*.*-iVW>I* 
'••-'•'a’.‘-"a'.*! a. 

mSm 

mw?M 

• • 
íy. ^ ■' # 1 1 .i J11.! * ^ 

'A1-'' « •#a » - • . * - 

» * • * • 7a" - * A A " 
1 a a * „• * ,• •• «-‘".-«a' 1 

^%jAa 
Ig. ..H,..7, 

1 ,> «V.% . » 

:.<•--Va“.“-*.---.- 

'A 
A .'•..‘'¿'•/vV ' 

A .*• A 

.\A;A;A..\. ’ 
' A A_- - A...-j. 

A ;n 

? • • ' 

v.,, >YX VV.> 

m 
- /• A AV 

'* . "» V * . " m * - ^ i"'* V 

-7-,'.'■•I.’-*! 
-v- 



WM ■. i-- iiilai^ÉigsaÉáágÉ^^ 

V 

TABLE V 
COMPARISON OF MEDIAN PERCENTAGE RECOVERY SCORES FOR BARE AND 

PROTECTED (CVC HELMET) EAR EXPOSURES TO CONTINUOUS NOISE 
AND IMPULSE NOISE OF VARIOUS DURATIONS 

Time 
After 

Exposure 

i".l2± 

6 MIN* 
CVC &AftE""ïïTrrT 

12 MIH. 
CVC 6are ' DTrT.' 

18 MIN. 
CVC ÖARE DTffT 

Continuous Noise 

1 

3 

44 38 
64 50 

■rç ~ 98 

6 
i4 

ï 

g i 
80 6¡ 
89 69 
96 75 

10 
12 
20* 

21* 

60 20 

S 45 
è7 59 
91 70 

4o** 
27* 
28* 
21* 

Impulse Noise 

48 45 
50 6l 

82 
91 

3 
-11 

-12 

-3 

50 65 
48 61 

59 70 
68 78 

-15 

-13 
-11 

-10 

52 60 
65 61 
80 70 
79 75 

-8 
4 

10 
4 

‘"*'.õr -cTT'.os 
**p < .01 

ON THE INDIVIDUAL SUBJECT DATA, SIGNIFICANT DIFFERENCES BETWEEN PERCENTAGE 

RECOVERY SCORES FOR PROTECTED AND BARE EARS WERE NOTED FOR 1,3/ 5/ *ND 0 
MINUTES FOLLOWING CONTINUOUS NOISE EXPOSURE OF l8 MINUTES. THE DIRECTION 

OF THESE DIFFERENCES INDICATED THAT THE RATE OF RECOVERY FROM HEARING 

LOSS INCURRED WHILE WEARING A HELMET, IN CONTINUOUS NOISE WAS FASTER THAN 

WHEN NO EAR COVERING WAS USED* SIGNIFICANT INCREASES IN THE RAT*-S or 

RECOVERY FOR PROTECTED EAR CONDITIONS WERE ALSO NOTED FOR 5 AN0 0 M,N‘ 
UTES AFTER EXPOSURE TO 12 MINUTES OF CONTINUOUS NOISE. NO SIGNIFICANT 
DIFFERENCES BETWEEN BARE AND PROTECTED EAR RECOVERY SCORES WERE FOUND, 

HOWEVER, FOR 6-MINUTE EXPOSURES. 

Differences between the median percentage recovery scores for pro¬ 

tected AND BARE EAR EXPOSURES TO VARIOUS DURATIONS OF IMPULSE NOISE ARE 

ALSO SHOWN IN TABLE V. APPLICATION OF SIGN TESTS (l3) TO THE INDIVIDUAL 

SUBJECT DATA INDICATED THAT NONE OF THE DIFFERENCES BETWEEN BARE AND 

PROTECTED EAR C0NDITI6NS WERE STATISTICALLY SIGNIFICANT* HENCE, AS 
COMPARED WITH BARE EAR EXPOSURES, THE HELMET DID NOT FABILITATE RECOVERY 

FROM HEARING LOSSES FOLLOWING EXPOSURE TO IMPULSE NOISE. 

Discussion 

The findings of Experiments 1 and 11 support the concussion that 

FOR VARIOUS EXPOSURE TIMES TO A GIVEN AMOUNT OF NOISE ENERGY, CONTINUOUS 
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noise produces oreater threshold losses than impulse noise, ««»ccd» 
BOTH POR SIZE or IMMEDIATE THRESHOLD LOSS AND FOR AMOUNT OF RECOVERY AT 

VARIOUS TIMES AFTER EXPOSURE, IMPULSE NOISE IS LESS 0ETH,M^T*‘-,T® 
(NO ACUITY THAN AN EQUIVALENT AMOUNT OF CONTINUOU» HOISC. WHILL THESE 

results are in agreement with a previous investigation 04Î, THeYT*** 

not apply to extremely intense impulses of noise. As SPims * J«TI 
HAVE noted, short-term exposures to repeated blasts reach I no peak 

levels of 160 db or more may produce more hearino damage than the same 
amount of continuous noise energy. It should be noted here that peak 
intensity levels of l60 db or more arc not uncommon in military situ- 
«""Î! Tm ri«.». urn. or the 76hh, 90«, *ho 105- r■ elb r.tet», 
FOR exahble, are all ABOVE 160 DB (1). 

Another limitation to generalizing the present findings concerns the 

relationship between temporary and permanent hearing loss, is the same 
amount of temporary hearing loss produced by continuous and impulse noise 

associated with the same amount of permanent hearing damage with prolonged 

exposures? Recent evidence 05) HAS -sndicatcd that the extent of tem¬ 

porary THRESHOLD CHANGES FOLLOWING A DAY*S EXPOSURE TO C0NT1NU0“* Jj0'** 
IS SURPRISINGLY CLOSE TO THE MAGNITUDES OF PERMANENT HEARING LOSSES NOTED 
AFTER 10-TEARS EXPOSURE TO THE SAME TYPE OF NOISE. SUCH AN EVALUATION 
H«S NOT AS YET BEEN CONDUCTED FOR IMPULSE TYPES OF NOISE. 

The second basic finding of the present study is the differential 

noise protection offered by the CVC helmet to continuous and impulse 
types of noise. As compared with the threshold losses occurring for 

unprotected ears in a continuous noise field, the CVC HELMET 9,GN,r‘" 
CANTLY REDUCED THE AMOUNT OF IMMEDIATE THRESHOLD SHIFT AND INCREASED THE 

RATE or RECOVERY FOLLOWING EXPOSURE TO SUCH NOISE. IN CONTRAST, THE 
PROTECTION GIVEN BY THE HELMET TO IMPULSE NOISE WAS 7H'* . 
RESULT WAS PROBABLY DUE TO THE SOUND ATTENUATING PROPERTIES OF THE HELMET 

RND THE DIFFERENCES IN SPECTRA BETWEEN THE TWO TYPES OF NOISE. TABLE VI 
SSOW3 THE OCTAVE BAND INTENSITIES FOR THE CONTINUOUS AND REPRODUCED 
IMPULSE NOISE TOGETHER WITH THE SOUND ATTENUATION GIVEN BY THE CVC 

HELMET WHEN AVERAGED FOR THE FREQUENCIES WITHIN EACH BAND. S”aT"ACY,¡!6 
THE HELMET*S ATTENUATION FROM THE CONTINUOUS NOISE BT OCTAVE BANDS YIELDS 

INTENSITY VALUES WHICH ALL FALL BELOW 100 OB. SUCH VALUES HAVE ONLY 
LIMITED CAPABILITY FOR PRODUCING HEARING LOSS, ESPECIALLY FOR THE EXPO¬ 

SURE TIMES USED IN THE PRESENT STUDY. FOR IMPUOSE N0'8C'J*** 
HELMET’S ATTENUATION WOULD STILL LEAVE INTENSITY VALUES, PARTICULARLY IN 
THE LOW AND MIDDLE BANDS, WHICH ARE OVER 100 DB AND STILL HIGH ENOUGH 

TO CAUSE SIGNIFICANT HEARING LOSSES. 

The INEFFECTIVE PROTECTION PROVIDED ST THE CVC HELMET TO MACHINE- 
GUN NOISE MAT BE GENERAL I ZABLE TO OTHER TYPES OF HELMETS AND OTHER KINOS 
OF WEAPON NOISE. THIS IS BASED UPON TWO FINDINGS. THE FIRST IS THAT 
THE ATTENUATION PROPERTIES OF THE CVC HELMET ARE QUITE SIMILAR TO THOSE 
FOUND IN OTHER TYPES OF ARMOR AND AIRCRAFT CREWMENS HEADWEAR UlJ* 
The second is that the octave band intensities noted in the noise *pec™* 
FOR MOST WEAPONS EQUALS OR EXCEEDS THOSE GENERATED BY THE 30 CAL. MACHINE- 

GUN (l). 
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TABIC VI 

ATTENUATION OF CONTINUOUS AM) IMPULSE NOISE LEVELS (IN DB) BY CVC HEUCT 

Octave Band Limits îh Cycles Per Secomo 

75 150 

!5£ 2H 

600 1200 

1200 2400 
2400 
4800 

4000 
10000 

CONTIH» 

Noise 

CVC ATTEN¬ 
UAT I ON 

101 

5 

102 

7 

105 

7 

107 105 

10 17 

98 

25 

90 Mu 

3O 

RESULTANT 

LEVEL 96 95 98 97 80 73 6° 

Impulse 

Noise 112 115 122 121 115 11,1 98 

CVC Atten¬ 

uation 10 17 25 3° 

Résultant 

Level 107 108 115 ill 98 09 66 

The temporary hearing losäs found in the present investigation and 

mentioned throughout this discussion were generally greater for tones 

ABOVE 1000 CPS THAN FOR THOSE BELOW- THIS RESULT WAS EXPECTED, SIMCE 
EXPOSURE TO WIDE SPECTRUM NOISE (SUCH AS THE CONTINUOUS AND IMPULSE NOISE 

USED HERE) RESULTS IN THRESHOLD LOSSES PARTICULARLY FOR THE HIGHER FRE¬ 

QUENCIES OF SOUND (6, 12). Bare ear exposures to the continuous noise, 

HOWEVER, CAUSED MAXIMUM LOSSES AT EITHER 4000 OR 6OOO CPS. FOR COM¬ 
PARABLE EXPOSURE CONDITIONS,IMPULSE NOISE PRODUCED MAXIMUM LOSSES AT 

8000 ops. Unfortunately, there was no clear indication in the present 

STUDY AS TO WHAT FACTOR OR FACTORS MIGHT BE CAUSING THIS RESULT. 

Summary AND CONCLUSIONS 

In the first of two STUDIES, temporary HEARING losses F.OR FRE- 

OUCNCIES 2^0 TO 8000 CPS WERE NOTED FOR BARE ANO PROTECTED EARS {CTC 

ÜelMEt) FOLLOWING 6-, 12-, AND 18-MINUTE EXPOSURES TO CONTINUOUS AND 

IMPULSE (RECORDED 3O CAL. MACHINE GUN FIRE) NOISE OF COMPARABLE ENERGY 
level. Apparent threshold losses for both types of noise were greater 
FOR FREQUENCES .30VE 1000 CPS THAN FOR THOSE BELOW. THESE IMPAIRMENTS 

TENDED TO INCREASE WITH INCREASING EXPOSURE TIME. UNDER BARE EAR CONDI- 

TIONS, CONTINUOUS NOISE CAUSED GREATER HEARING LOSS THAN IMPULSE NOISE, 

IRRESPECT.VE OF EXPOSURE TIME. WEAR.NG THE CVC HELMET IN THE PRESENCE 

OF CONTINUOUS NOISE, HOWEVER, SIGNIFICANTLY REDUCED THE AMOUNT OF 
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THRESHOLD LOSS OCCURRING UNDER BARE EAR EXPOSURES. IN CONTRAST, THE 

helmet bave negligible protection against impulse noise. 

A SECOND EXPERIMENT STUDIED A 20-MI NUTE RECOVERY PERIOD FOR 4000 CPS 

HEARING LOSSES FOLLOWING EXPOSURE TO THE NOISE CONDITIONS OF THE FIRST 

INVESTIGATION. UNDER BARE EAR EXPOSURES, RECOVERY FROM CONTINUOUS NOISE 

WAS SLOWER THAN THAT FOR IMPULSE NOISE, PARTICULARLY FOR THE LONGER 
EXPOSURE TIMES. VEAR1NG THE HELMET INCREASED THE RATE OF RECOVERY FROM 

CONTINUOUS NOISE EXPOSURES BUT HAD LITTLE EFFECT UPON THE THRESHOL 

RECOVERY FROM LOSSES DUE TO IMPULSE NOISE. 

Although there were certain limitations, the results of the two 

STUDIES SUGGEST TWO BASIC CONCLUSIONS! 

1. For various exposure times to a given amount or noise energy, 
CONTINUOUS NOISE CAUSES GREATER TEMPORARY HEARING LOSS FOR UNPROTECTED 

EARS THAN DOES IMPULSE NOISE. 

2. Relative to the losses occurring under bare ear exposures, the 
CVC HELMET PROVIDES GREATER PROTECTION AGAINST CONTINUOUS NOISE THAN 

AGAINST IMPULSE NOISE. 
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COMPUTATION OF AVERAGE AMOUNT OF SOUND ENERGY CONTAINED 
IN 1 MINUTE OF IMPULSE NOISE 
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APPENDIX 

COf-iPUTAT I ON OF AVERAGE AMOUNT OF SOUND ENERGY CONTAINED 
IN 1 MINUTE OF IMPULSE NOISE 

The computational procedure consisted or weighting the pressure ratio 

EQUIVALENTS* OF THE BURST AND INTER-BURST DECIBEL LEVELS BY THE RESPECTIVE 

AMOUNTS OF BURST AND INTER-BURST TIME WHICH OCCURRED IN A ¡-MINUTE PRE¬ 

SENTATION OF IMPULSE NOISE« ThE DECIBEL LEVELS OF THE MACHINE GUM BURSTS 

AVERAGED 128 OB, WHICH CORRESPONDED TO A PRESSURE RATIO OF 2*512 X 10&. 

The ister-burst decibel level was 75 DB w*»ch was equal to a pressure 

ratio or 5.623 X 103. Since 136 bursts of gunfire occurred per minute 

AND EACH BURST LASTED .06 SECONDS, 13^ x 0R SECONDS REPRESENTED 
THE TOTAL BURST TIME PER MINUTE. SUBTRACTING 8.16 SECONDS FROM 60 

SECONDS GAVE 51.84 SECONDS, THE TOTAL AMOUNT OF INTER-BURST TIME PER 

MINUTEi The WEIGHTING OPERATION CONSISTED OF MULTIPLYING THE BURST 

PRESSURE RATIO BY THE BURST TIME PER MINUTE, I.E., (2.512 X IQu) X (8.l6), 

AND THE INTER-BURST PRESSURE RATIO BY THE INTER-BURST TIME, I.E., (5*623 

X 103) X (51.84), WHICH GAVE PRODUCTS OF 20.50 X 10& AND 291 .50 X 10^ 

RESPCcriVELY. Adding these products together and dividing by oO yielded 

a PRESSURE RATIO (3*47 X IO?) WHICH REFLECTED THE AVERAGE AMOUNT OF SOUND 
ENERGY CONTAINED IN 1 MINUTE’S PRESENTATION OF IMPULSE NOISE. CONVERTING 

THIS PRESSURE RATIO BACK TO DECIBEL LEVEL GAVE A VALUE OF 111 DB. 

♦Decibel values are logarithmic expressions which usually require conver¬ 

sion TO OTHER FORMS, E.G., PRESSURE RATIOS, BEFORE THEY CAN BE HANDLED IN 
ARITHMETIC COMPUTATIONS. TABLES FOR CONVERTING DECIBEL LEVELS TO PRESSURE 

RATIOS (AND VICE-VERSA) ARE FOUND IN THE GENERAL RADIO HANDBOOK OF NOISE 

Measurement, General Radio Co., Concord, Massachusetts, 195^. 
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